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Abstract. This paper describes the realization of the magnet rotor type non-contact transformer that is possible to transmit
electric power and a torque by non-contact. As for the large air gap as well, this device can transmit electric power and a torque
efficiently which compensates for exciting current in the transformer by the permanent magnet flux.
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1. Introduction
Recently, flywheel energy storage devices using non-contact bearings are being developed as possible
measures for environmental problems, because flywheels canaverage electric power feed [1]. In these
devices, the flywheel itself is installed in a vacuum chamberto eliminate wind loss and rotate at high
speed. However, when it is installed in the vacuum chamber, cooling of the flywheel becomes a problem
when the motor-generator electric device is attached to theshaft of the flywheel. This cooling problem can
be solved by separating the motor-generator electric device from the flywheel, using a clutch mechanism
to transmit torque without contact. Many non-contact powersupply systems of the transformer type
which use electromagnetic induction are proposed. In such systems, it is possible to transmit not torque
but electric power directly over the air gap. Electric powerof about several kilowatts can be supplied
across an air gap of about several centimeters [2]. However,xcitation current must be supplied from
the primary side by a non-contact power supply system becauslarge air gap exists in comparison
with devices using closed magnetic circuits like conventional transformers. Because of this, the power
supply frequency must be increased, and the power supply devices must be large in scale (high frequency
transformer type).
2. Proposal of the magnet rotor type non-contact transformer
The magnet rotor type non-contact transformer was examinedas a way of solving the aforementioned
problems. This device uses a permanent magnet to supply excitation current. The proposed device is
shown in Figs 1 and 2. This device turns the secondary rotor using the alternative current input to the
primary coil. Furthermore, electric current is induced in the secondary coil by the rotating magnetic field,
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Fig. 1. Magnet rotor type non-contact transformer.
Fig. 2. Coil arrangement of magnet rotor type non-contact transformer.
which is produced by the secondary rotor. However, loss due to mechanical friction of the secondary
rotor then becomes an issue.
A non-contact power supply device in which a primary coil wasused is shown here. It is possible to
change this device into a non-contact torque transmission mechanism by replacing the primary coil with
a permanent magnet rotor. In other words, both the non-contat power supply device and non-contact
torque transmission device can be provided in this system.
Equivalent circuits with and without a permanent magnet rotor are shown in Fig. 3. Even a normal
frequency band can be changed efficiently using this device be ause the excitation current is compensated
for by the permanent magnet as shown in this figure.
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Fig. 3. Equivalent circuit of non-contact power supply system (transformer type).
The disadvantages of the non-contact power supply devices of the high frequency type and proposed
magnet rotor type are as follows:
– High frequency type: The primary power supply device (inverter) is large. Large eddy current losses
are induced in the magnet wire and back iron. There are large joul losses in the secondary rectifier.
– Magnet rotor type: There is mechanical loss (friction) in the rotor.
If the mechanical loss of the rotor becomes smaller than the eddy current loss of the high frequency type,
the device can be used at normal frequencies, and the scale and cost of the device can be reduced.
3. Bench test
3.1. Test equipment
To verify the principle of the proposed rotation magnet typenon-contact transformer device, a small
bench testing equipment was constructed. Figure 4 shows a view of the constructed test equipment. The
magnet rotor in the primary side was installed in this test equipment. The primary magnet rotor is rotated
by the AC motor. The rotational speed of the AC motor can be variably controlled.
In such a structure, the secondary magnet rotor rotates in synchronization with the primary magnet rotor
rotation. The secondary magnet rotor is not physically connected to anything. The secondary magnet
rotor turns, the rotating magnetic field is generated, and the electromotive force (EMF) is generated in
the secondary coil. This EMF is rectified when taking it out aselectric power.
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Table 1
Specifications of test equipment
Permanent magnet type Nb-Fe-B
Number of poles 2 poles
Diameter of both rotors 80 mm
Rotation speed 0∼3,000 min−1
Back iron (yoke) type Ferrite core
Fig. 4. View of test equipment.
In this study, the voltage as the characteristic was measured fo the evaluation of the non-contact
coupling. Table 1 shows the specifications of the test equipment. Figure 5 shows the connections of
the secondary coils. This coil arrangement is single-layered, with connections to form electrical phase
angles of 60 degrees.
3.2. Results of measurements
Figure 6 shows the shapes of EMF waves, and the line-to-line voltages of the three-phase circuit. The
relationship between the EMF and the measured rotation speed is shown in Fig. 7.
The voltages of the three-phase circuit are balanced, and the EMF increases in proportion to the rotation
speed. The relationship between the phase and the measured rotation speed is shown in Fig. 8. It can be
seen in this figure as well as Fig. 7 that the three phases of thecircuit are balanced.
4. Numerical electromagnetic analysis
4.1. Analysis model
The features of this analysis are as follows.
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Table 2
Conditions of numerical analysis
Analysis type 3D static magnetic field
Load condition Addition of magnetization to the magnet elements
Permeability of materials:
Permanent magnets µ = 1
Back iron (yoke) µ = 1000
Secondary coil µ = 1
Fig. 5. Connections of secondary coil.
Fig. 6. Wave form of EMF. (Line to Line).
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Fig. 7. Line voltage vs. rotation speed (with magnet rotor).
Fig. 8. Phase vs. rotation speed (with magnet rotor).
(1) Three-dimensional analysis; there is no symmetry in thepermanent magnet rotator and secondary
coil.
(2) Static magnetic field; electrical conductivity of the ferrite (back iron) is disregarded.
(3) Linear analysis; the magnetic field in the back iron does not reach the saturation state.
One example of an analytical model is shown in Fig. 9.
Then, it calculated by three-dimension static magnetic field finite element method by A-φ method.
The finite element method software “Photo-Eddy” was used forthe calculation.
4.2. Results of analysis
The flux of magnetic induction of the rotor is shown in Fig. 10.The magnetic flux density of the
permanent magnet rotor and secondary coil is shown in Fig. 11. When the relative positions of the
magnet rotor and secondary coil change, the average value ofthe inter-linkage magnetic flux density
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Fig. 9. Analysis model.
Fig. 10. Result of 3D FEM electromagnetic analysis (flux flow around magnet rotor).
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Fig. 11. Result of 3D FEM electromagnetic analysis (flux density around magnet rotor).
Fig. 12. Average value of the flux density in air gap (analysis).
on the secondary coils is shown in Fig. 12. This graph shows the change in the average value of the
flux density of the ferrite for permeability of 1 and 1000. It can be seen that the EMF has sine wave
characteristics. When the permeability increases, the average value of the magnetic flux density also
increases.
4.3. Comparison between analytical results and measurements
The results obtained by the experiment and analysis are shown in Fig. 13.
In this experiment, the EMF of the coil was measured, varyingthe gap. The result of the experiment
corresponds well to the analytical result, and the validityof the analysis was verified. When the gap
increases, the decrease in the EMF is small in the presence ofth secondary rotor, compared with the
case of the absence of the secondary rotor. On the other hand,the EMF rapidly decreases when the air
gap increases, if there is no secondary magnet rotor. Therefor , the non-contact transformer equipment
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Fig. 13. Difference by rotator existence (analysis and measurement).
that includes a secondary magnet rotor is advantageous in dev ces in which large gaps are necessary.
Moreover, experiments verified that exciting current was compensated by the secondary magnet rotor.
5. Conclusions
This report describes results of an examination of the charateristics of the magnet rotor type non-
contact power supply device, as well as its fundamental characte istics.
The non-contact transformer equipment that includes a secondary magnet rotor compensates for the
exciting current, and this equipment can supply electric power efficiently even with a large gap.
To verify this, a small bench test equipment was constructed.
Moreover, the EMF of the secondary coil was analyzed by a three-dimensional finite element method,
and compared with the results of an experiment. The results of measurements corresponded to the
analytical result. The the non-contact transformer devicethat includes the proposed secondary magnet
rotor was proven to be advantageous. The results of the examination demonstrated that a device which
transmits electric power by applying this device to a rotating body, such as a flywheel, can be realized.
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